DURING a study of enzymes of glycolysis and related pathways in normal and malignant cervix and endometrium of the human uterus (Marshall et al., 1978a) , significant increases in all but one were found in cancer of the cervix, but only 2 were raised in cancer of the endometrium when compared with the normal tissues of origin. Since many of these patients had a second biopsy after a period of intracavitary radiation, an opportunity was taken to study the effects of 137Cs implantation upon the activities of these enzymes in the malignant tissue using the methods previously described (Marshall et al., 1978b) . Table I presents the radiation dose to the tissues after the first 137Cs implantation. Table II summarizes the enzyme data from all cancer patients, and normal values from our previous paper (Marshall et al., 1978a) . In cancer of the cervix, significant reduction in the specific activiAccepted 28 September 1978 ties of the following enzymes occurred in the post-radiation samples: PFK, Ald, En, and LDH (all P<0001), and PGM, and G6PD (P < 0.05). For every enzyme, the mean value in the post-radiation samples was less than that in the preradiation tissues. All enzymes studied, with the exception of aGPD, were higher in the pre-radiation cancer samples than in normal cervical epithelium (Marshall et al., 1978a) . The reduced activities in the post-radiation samples brought the mean values closer to those of normal cervical epithelium, although most were still significantly higher; exceptions were HK and PGM, where the means were not significantly different, and PFK, where the mean activity in the post-radiation samples was actually less than in the normal cervical epithelium (P<0 O1).
Relatively few samples of endometrial cancer were available after radiation therapy. All enzymes except 6PGD were decreased in the latter compared with the pre-radiation samples (Table II) . However, the reduction in PFK activity was the only one to reach statistical significance (P<0*0 1).
Twenty-eight cases of cervical cancer had tissues studied before and after radiation therapy. Statistical analysis of these data by the paired t test yielded the same conclusions as analysis of the data for the unpaired samples presented in Table 1 , We have previously shown (Marshall et al., 1978b ) that PK activity from cervical and endometrial cancers is much more sensitive to activation by fructose diphosphate (FDP) than normal cervical or endometrial epithelium. We also showed significantly increased inhibition of the enzyme in malignant cervix epithelium by D,L-alanine in the absence of FDP, but normal and malignant endometrial tissues did not differ in this respect. The molecular heterogeneity of PK isoenzymes has recently been reviewed (Ibsen, 1977) and it is uncertain whether the various forms of this enzyme are due to hybridization, to 3 distinct genes governing synthesis of K-, L-, and M-forms, or to post-transcriptional modifications, especially those due to proteolytic transformation (Marie et al., 1977) . We interpreted the properties of cervical cancer PK as consistent with a change by one of the above mechanisms to an L-type enzyme; and the change in endometrial cancer to interconvertibility of two L-type PK isoenzymes, one of which is less sensitive to FDP activation (presumably the predominant enzyme of normal endometrium) and the other highly sensitive to this activator (Ibsen, 1977) . As shown in Table III , the percentage activation of PK by FDP was reduced after radiation, although in neither cervix nor endometrium was this statistically significant because of wide variability in the data. On the other hand the inhibitory effect of D,L-alanine was reduced after radiation in cervical cancers (t 3-41; P<0-01) and in endometrial cancer (t 4 67; P<0-01). It is possible that radiation selectively inhibited the synthesis of L-type PK in the cervical cancers, enabling a switch to synthesis of the M-type form of the enzyme. An explanation for the change in endometrial cancers after radiation is more difficult.
Gross contamination of post-radiotherapy samples with normal tissues cannot be the main explanation for the reduced activity of glycolytic enzymes in the former. This was borne out by histological examination, which showed no qualitative difference in the proportion of normal to malignant tissue in most paired samples. The disproportionate decrease in PFK and Ald (Table IV) cant decreases in both protein content relative to wet weight and the specific activity of LDH, and a non-significant decrease in the specific activity of 6PGD in irradiated samples of cervical carcinoma, results similar to those in Table IV . In the present work, enzyme activities were standardized by reference to protein concentration, and this itself is reduced in relation to wet weight after irradiation of the sample. Reduction of enzyme activity must, therefore, be due to a proportionately greater effect of radiation upon that enzyme than upon other soluble cell proteins.
Crabtree (1935) reported that exposure of tumour cells to low doses of radiation diminished glycolysis but had little effect on respiration. This observation has since been confirmed for many different tumour tissues (Dose, 1962; Cammarano, 1963; Ontko & Moorehead, 1964) . Inhibition of glycolysis has been ascribed to loss of cellular NAD and consequent inhibition of G3PD (Altenbrunn et al., 1965) . Radiation caused release of nicotinamide to the surrounding medium which, if immediately supplemented, allowed glycolysis to proceed unabated. The radiation-induced inhibition of glycolysis seems closely related to that of incorporation of precursors into proteins and DNA, because these reactions behave in a parallel manner in tumour strains of different radiosensitivity (Hilz & Berndt, 1964) . Much evidence implicates damage to cell membranes as a causative factor. In addition to loss of nicotinamide, activation of enzymes by disruption of lysosomes appears to take place in irradiated cervical cancer tissue (Goldberg et al., 1967) and in exfoliated cancer cells obtained by vaginal irrigation (Goldberg et al., 1969; Goldberg, 1971) . Leakage of pyruvate (Dose & Dose, 1962) and of K+ (Flemming et al., 1968) also indicate altered permeability of the cell, which must have profound consequences for its metabolic integrity.
The initial effect of radiation is acute injury to malignant and normal cells, causing mitotic failure and eventual death. The resulting cellular debris triggers an inflammatory reaction, wherein the area is infiltrated with lymphocytes and phagocytes. Surviving tumour cells will presumably recur at their growth rate. The significant reduction in specific activity of enzymes after radiotherapy of cervical tumours may be explained by selective killing of malignant cells, leaving a necrotic area infiltrated with lymphocytes and phagocytes. The post-radiotherapy biopsy contained a mixture of cell types, cellular debris and recurring tumour. The fall in specific activity of glycolytic enzymes may have been due to the low enzyme content of these contaminating elements, although this could not be quantitatively substantiated by correlating enzyme response with tissue response.
